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(54) A valve timing control device for an internal combustion engine 



(57) A valve timing control device for an internal 
combustion engine is disclosed. The device comprises 
a variable valve timing control mechanism for varying an 
intake valve open timing and an exhaust valve close tim- 
ing. The device controls the exhaust valve close timing 
to become before the exhaust top dead center, and the 



intake valve open timing to become after a timing which 
is the exhaust valve close timing and immediately 
before the exhaust top dead center, by the variable 
valve timing control mechanism, when the temperature 
within the cylinder of the engine is low. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 

The present invention relates to a valve timing con- 
trol device for an interna] combustion engine. 

2. Desaiption of the Related Art 10 

In a diesel engine, it is desired that a compression 
ratio is made low to reduce a total weight and noise of 
the engine. However, such a low compression ratio 
causes white smoke before the engine is warmed up, is 
because a temperature of compressed intake air does 
not become high enough to ignite an injected fuel satis- 
factorily. 

Japanese Unexamined Patent Publication No. 3- 
1 72575 discloses that to solve this problem and to real- 20 
ize a low compression ratio, a variable valve timing con- 
trol mechanism is provided with exhaust valve system, 
and when the engine has not warmed up, an exhaust 
valve close timing is advanced before the exhaust top 
. dead center so that a part of high temperature exhaust 25 
gas remains in the cylinder and thus a temperature of 
compressed intake air is made high by use of the heat 
of the exhaust gas. 

In a usual engine, to increase the trapping effi- 
ciency and the scavenging efficiency, the valve overlap, 30 
during which the intake valve and the exhaust valve are 
opened simultaneously at the end of an exhaust stroke, 
is carried out so that an intake valve open timing is set 
before the exhaust top dead center and an exhaust 
valve close timing is set after the exhaust top dead 35 
center. Therefore, in the above No. 3-172575, if the 
exhaust valve is closed before the exhaust top dead 
center when the engine has not warmed up, a part of 
exhaust gas remained in the cylinder flows out into the 
intake port while the intake valve is opened in an 40 
exhaust stroke. The exhaust gas flowed out into the 
intake port returns into the cylinder during the intake 
stroke. However, the exhaust gas is cooled by the intake . 
port so that the temperature of the compressed intake 
air does not become as high as expected. 45 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to 
provide a valve timing control device for an internal com- so 
bustion engine, which can make the temperature of the 
compressed gas sufficiently high when the temperature 
within the cylinder of the engine is low. 

According to the present invention there is provided 
a valve timing control device for an internal combustion 55 
engine comprising: a variable valve timing control 
mechanism for varying an intake valve open timing and 
an exhaust valve close timing; and control means for 
controlling the exhaust valve close timing to become 



before the exhaust top dead center, and the intake valve 
open timing to become after a timing which is after the 
exhaust valve dose timing and immediately before the 
exhaust top dead center by the variable valve timing 
control mechanism, when the temperature within the 
cylinder of the engine is low. 

The present invention will be more fully understood 
from the description of the preferred embodiments of 
the invention set forth below, together with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings: 

Fig. 1 is a schematic view of a diesel engine with a 
valve timing control device, according to the 
present invention; 

Fig. 2 is a f tow chart for controlling the intake and 
exhaust valve timings via a variable valve timing 
control mechanism by an electronic control unit; 
.Fig. 3 is a view for explaining the intake and exhaust 
valve timings control; 

Fig. 4 is a map for determining a control value (b) 
for the exhaust valve close timing; and 
Fig. 5 is a view for explaining a variable valve timing 
control mechanism in case of an engine with four 
valves for every cylinder. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Figure 1 is a schematic view of a diesel engine with 
a valve timing control device according to the present 
invention. In this figure, reference numeral 1 designates 
a piston. Reference numeral 2 designates a combustion 
chamber formed on the upper surface of the piston 1. 
Reference numeral 3 designates a fuel injection nozzle 
for injecting fuel into the combustion chamber 2. An 
exhaust port 5 and an intake port 7 are connected to the 
cylinder via an exhaust valve 4 and an intake valve 6, 
respectively. In the diesel engine, the compression ratio 
is made low to reduce a total weight and noise of the 
engine. 

A cam-shaft 1 1 for the intake valve 6 is connected 
to a crank-shaft by a pulley 1 1a arranged on the end of 
the cam-shaft 1 1 , via a belt or the like. The pulley 1 1a is 
connected to a pulley 12a arranged on the end of a 
cam-shaft 12 for the exhaust valve, via a belt or the like. 
Whereby, the two cam-shafts 1 1 , 1 2 are driven rotation- 
ally by the crank-shaft and thus the intake valve 6 and 
the exhaust valve 4 are opened or are closed. 

The two cam-shafts 11, 12 are provided with a 
known variable valve timing control mechanism 15. The 
mechanism 15 makes the pulley 1 1a, 1 1b rotate relative 
to the cam-shaft 1 1 , 1 2. For example, one variable valve 
timing control mechanism comprises an intermediate 
gear which has outer and inner helical teeth', and which 
connects the cam-shaft with the pulley. When the inter- 
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mediate gear is moved axially by oil pressure, electro- 
magnetic force, and the like, the cam-shaft is rotated . . 
relative to the pulley. Thus, intake valve open and close 
timings and exhaust valve open and close timings can 
be freely varied by each variable valve timing control s 
mechanism. 

Reference numeral 20 designates an electronic 
control unit (ECU) for controlling the intake valve timing 
and the exhaust valve timing via the variable valve tim- 
ing control mechanism 15. The ECU 20 is constructed 10 
as a digital computer and includes a ROM (read only 
memory) 22, a RAM (random access memory) 23, a 
CPU (microprocessor, etc.) 24, an input port 25, and an 
output port 26. The ROM 22, the RAM 23, the CPU 24, 
the input port 25, and the output port 26 are intercon- 15 
nected by a bidirectional bus 21 . 

An engine speed sensor 3 1 which produces an out- 
put pulse for detecting the engine speed is connected to 
the input port 25. An accelerator pedal sensor 32 pro- 
duces an output voltage which is proportional to the 20 
movement of the accelerator pedal (not shown) as the 
engine load, and this output voltage is input into the 
input port 25 via an AD converter 27a. A coolant tem- 
perature sensor 33 produces an output voltage which is 
proportional to the temperature of the cooling water of 25 
the engine as the engine temperature, and this output 
voltage is input into the input port 25 via an AD con- 
verter 27b. The output port 26 is connected to the varia- 
ble valve timing control mechanism 15 via drive circuits 
28a. 30 

The ECU 20 controls the intake valve timing and the 
exhaust valve timing via the variable valve timing control 
mechanism 15, according to a flow chart shown in Fig- 
ure 2. First, at step 101, the current engine speed (N), 
the current engine load (L), and the current temperature 35 
of the cooling water (THW) are detected by the above 
three sensors 31 , 32, 33, respectively. Next at step 102, 
it is determined if the current temperature of the cooling 
water (THW) is higher than a predetermined tempera- 
ture (THW). When the result is positive, i.e., the engine 40 
has warmed up, the routine goes to step 103 and it is 
determined if the current engine load (L) is larger than a 
predetermined engine load (V). When the result is pos- 
itive, i.e., the engine has warmed up and the tempera- 
ture of combustion becomes high due to the large 45 
amount of fuel injected and thus the temperature within 
the cylinder is high, the routine goes to step 104 and a 
normal valve timing control for the intake valve and the 
exhaust valve is carried out The normal valve timing 
control is, for example, to control the exhaust valve so 
close timing (ECT) and the intake valve open timing 
(IOT) such that the higher the engine speed is. the 
longer the valve overlap period becomes, via the varia- 
ble valve timing control mechanism 15. In this case, as 
shown by dotted lines in Figure 3, the exhaust valve ss 
close timing (ECT) becomes after the crank angle of the 
exhaust top dead center (TA0), and the intake valve 
open timing (IOT) becomes before the crank angle 
(TA0). 



On the other hand, when the result at step 102 is 
negative, i.e., the engine has not warmed up, or when 
the result at step 103 is negative, i.e., a temperature of 
combustion is low due to the small amount of fuel 
injected, the routine goes to step 105 and the intake 
valve open timing (IOT) is set at a predetermined timing 
(TA1), which is immediately before the crank angel of 
the exhaust top dead center (TA0), as shown by a solid 
line in Figure 3. Next, the routine goes to step 106 and 
a control value (b) for the exhaust valve close timing is 
determined from a map shown in Figure 4, on the basis 
of the temperature (T) within the cylinder of the engine. 
In the map, a control value (b) is set such that the lower 
the temperature (T) within the cylinder is, the larger the 
control value becomes. The temperature (T) within the 
cylinder can be assumed on the basis of the tempera- 
ture (THW) of the cooling water and the temperature of 
combustion, i.e., the amount of fuel injected. When the 
temperature (THW) of the cooling water is the predeter- 
mined temperature (THW 1 ) and the engine load (L) is 
the predetermined engine load (L), the control value (b) 
becomes a minimum value (bO). Next, the routine goes 
to step 107, and the exhaust valve close timing (ECT) is 
set by subtracting the control value (b) from the crank 
angle (TA0) of the exhaust top dead center, as shown by 
a solid line in Figure 3. The set exhaust valve close tim- 
ing (ECT) becomes before the set intake valve open 
timing (IOT). 

Therefore, when the temperature within the cylinder 
is low, the intake valve 6 is still not opened after the 
exhaust valve 4 is closed in the exhaust stroke, so that 
the exhaust gas does not flow out into the intake port 7 
and remains within the cylinder. Thereafter, intake air is 
supplied to the cylinder in the intake stroke. Once the 
intake air and the exhaust gas remained in the cylinder 
are compressed in the compression stroke, the temper- 
ature of the gas in the cylinder becomes sufficiently high 
by use of heat of the retained exhaust gas so that fuel 
injected by the fuel injection nozzle 3 in the combustion 
chamber 2 can be ignited satisfactorily. The intake valve 
open timing (IOT) may be set after the predetermined 
timing (TA1) which is immediately before the crank 
angle (TA0) of the exhaust top dead center, as shown by 
a chain line in figure 3. However, in the above-men- 
tioned variable valve timing control mechanism, if the 
intake valve open timing (IOT) is made too late, the 
intake valve close timing is also too late so that an 
amount of intake air is reduced considerably. 

Thus, a diesel engine of a low compression ratio 
can be prevented from producing white smoke when the 
temperature within the cylinder is low. Moreover, the 
exhaust gas remained in the cylinder has a large capac- 
ity so that the combustion temperature is lowered and 
thus the amount of NO x in the exhaust gas can be 
reduced. 

However, on the other hand, the exhaust gas 
remained in the cylinder causes the deterioration of 
combustion. Accordingly, if the ignition of the fuel is 
ensured, it is desirable that an amount of exhaust gas 
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remained in the cylinder is made small. According to the Claims 
above flow chart, the higher the temperature of the cool- 
ing water (THW) is, i.e., the easier the ignition of the fuel 
becomes, the smaller the control value (b) becomes. As 
a result, the exhaust valve close timing (ECT) is close to 5 
the crank angle of the exhaust top dead center and thus 
the amount of exhaust gas remained in the cylinder is 
made small. 

Instead of the above-mentioned variable valve tim- 
ing control mechanism 15, a fluid cylinder type variable 10 
valve timing control mechanism may be used. The 
mechanism comprises a fluid cylinder arranged 
between the cam and the valve, and can control freely 
the valve open and close timings by controlling to 
charge fluid to the fluid cylinder or to discharge fluid is 
therefrom. In this case, the intake valve close timing and 
the exhaust valve open timing are fixed to the appropri- 
ate timings, and the intake valve open timing (IOT) and 
the exhaust valve close timing (ECT) may be controlled 
as the above.. ' 20 

Figure 5 shows variable valve timing control mech- 
anism in case of the engine with four valves for every 
cylinder. In this figure, reference numeral 6a, 6b are first 
and second intake valves, and reference numeral 4a, 4b 
are first and second exhaust valves. A cam 13a for the 25 
first intake valve 6a and a cam 13b for the second intake 
valve 6b are arranged on a cam-shaft 1V via lock 
devices (not shown), respectively. A cam 1 4a for the first 
exhaust valve 4a and a cam 14b for the second exhaust 
valve 4b are arranged on a cam-shaft 12' via lock 30 
devices (not shown), respectively. The cam 13a for the 
first intake valve 6a and the cam 1 4a for the first exhaust 
valve 4a are suitable to realize the normal valve overlap 
period. The cam 1 3b for the second intake valve 6b and 
the cam 1 4b for the second exhaust valve 4b are suita- 35 
bie to realize a predetermined intake valve open timing 
which is the crank angle of the exhaust top dead center 
and a predetermined exhaust valve close timing before 
the crank angle of the top dead center. When the tem- 
perature within the cylinder is high, the cams 13a, 14a 40 
are fixed on the cam-shafts 11 12' and the cam 13b, 
14b are freed on the cam-shafts 1V, 12' by the lock 
devices. When, the temperature within the cylinder is 
low, the cams 13b, 14b are fixed on the cam-shafts 11', 
12' and the cam 13a, 14a are freedon the cam-shafts 45 
1 1 ', 12' by the lock devices. Therefore, the above-men- 
tioned effects can be obtained. 

Finally, the present invention is not limited to the 
diesel engine and can be utilized in a spark ignition 
engine. Also in a spark ignition engine, when a temper- so 
ature within the cylinder is low, if a temperature. of air- 
fuel mixture is made high, the ignition becomes good. 

Although the invention has been described with ref- 
erence to specific embodiments thereof, it should be 
apparent that numerous modifications can be made 55 
thereto by those skilled in the art without departing from 
the basic concept and scope of the invention. 



A valve timing control device for an internal com- 
bustion engine comprising: 

a variable valve timing control mechanism for 
varying an intake valve open timing and an 
exhaust valve close timing; and 
control means for controlling the exhaust valve 
close timing to become before the exhaust top 
dead center, and the intake valve open timing 
to become after a timing which is after said 
exhaust valve close timing and immediately 
before the exhaust top dead center, by said 
variable valve timing control mechanism, when 
the temperature within the cylinder of the 
engine is low. 

A valve timing control device according to daim 1, 
wherein said control means controls such that the 
lower the temperature within said cylinder is, the 
earlier said exhaust valve close timing becomes. 
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